Today, to establish a diagnosis, the patient must undergo a biopsy followed by histopathological diagnosis, which causes unnecessary cost, patient trauma, and time delay to obtain a diagnosis. However, the metastases can be discovered by diffuse reflectance spectroscopy, which is a simple method that investigates the light distribution within tissue. The theme of this paper is the use of diffuse reflectance spectroscopy (DRS) to determine the optical spectrum of hamster specimen's tissue and to differentiate biological changes due to laser irradiation (scattering, and cell changes) under the skin. DRS measurements were made on healthy and malignant tissue to diagnose the stages of cancer formation using a fiber-optic probe. The results show that malignant tissue is characterized by a significant decrease in diffuse reflectance spectrum compared to normal tissue.
Introduction
Knowledge of the degree to which tissue scatters light is important for understanding the physical processes manifested by the interaction of light and tissue [1] . When illuminating tissue with light, the light will travel along certain paths in the tissue depending on the optical properties [2] . The absorption coefficient determines how far the light propagates in a medium before absorption. The refractive index and the reduced scattering coefficient determine how far the light propagates in the medium before scattering [3] . The absorption is due to different chromophores in the tissue. The chromophores absorb a different amount of light for different wavelength [4] . The scattering is caused by variations in the refractive index within the tissue and is wavelength dependent, which results in a different amount of scattering for different wavelengths [5] . The photons that are scattered and exits the tissue can then be collected by another optical fiber, resulting in a wavelength-dependent reflectance spectrum. The chromophores differ from healthy tissue, tumors and treatment tissues, which results in different reflectance spectra [6] .
Various types of optical spectroscopy have been investigated as methods for assessment of tissue pathology [7] . All of these methods have one basic principle in common: the optical spectrum of tissue contains information about the biochemical composition and/or the structure of the tissue, and that information conveys diagnostic information [8] .
Optical spectroscopy can also be employed in the management of disease treatment. The diagnostic spectroscopy can be used to monitor response to treatment as well [9] .
The benefits of this technique is to develop a diagnostic tool in real-time during surgery and could facilitate the determination of biological changes relevant spectroscopic optical diagnostic techniques for treatment tissue, which would be reduced the number of unnecessary biopsies, the suffering of the patients, and introduce a practical way for surgeons, low cost and ease of implementation, generally mediated with small portable instruments, not requiring any specialized facilities, and eventually not requiring expert interpretation.
Materials and Methods
Experimental setup for the diffuse reflectance measurements consisted of a pulsed Xenon-arc lamp (HL-2000-Ocean optics) as a broadband light source [10] , a spectrometer (USB4000 FLOcean optics) and a fiber probe for the delivery and collection of the light to and from the sample as shown in (Figure 1) . The light transport within a tissue a probe that comprises two multimode optical fibers (a source and a detector), which are parallel to each other. Each fiber has a core diameter of 200 µm. Both fibers can be tilted at an angle (Ɵ) relative to the tissue surface normal, in the x-z plane, such that the fibers are parallel to each other [11] . After the coupling process described in (Figure 1) , calibration is initiated by recording the diffuse reflection spectrum of the white standard which is an ideal reflectance at nearly 100% Reference, by the optical fiber placed on a 45° angle holder and the holder is in contact with the white standard as shown in (Figure 2 ). Light from a white light source passes through the optical fiber to the sample, which transmits the reflected light from the sample into the spectrometer connected to a computer to record the spectrum. Always three measurements were taken, which were averaged into one spectrometer reading.
Reflection is the return of radiation by a surface, without a change in wavelength. Reflection can be:
• Specular (the angle of incidence is equal to the angle of reflection)
• Diffuse (the angle of incidence is not equal to the angle of reflection) Every surface returns both specular and diffuse reflections. Some surfaces may return mostly specular reflection, while others may return mostly diffuse reflection. Specular reflection increases proportionately with the amount of gloss on a surface [12] .
Reflection is expressed as a percentage (%R λ ) relative to the reflection from a standard reference substance:
Eq. 1
Where: S λ = the sample intensity at wavelength λ D λ = the dark intensity at wavelength λ R λ = the reference intensity at wavelength λ A light source sends light via the input leg of a reflection probe onto a sample. A reflection probe holder holds the probe in either a 90 or 45-degree angle from the surface. The output leg of the reflection probe carries light from the sample to the spectrometer, which is connected to the computer [13, 14] .
Sample preparation
The experiment on animals happened after institutional ethical approval was obtained, according to Damascus university ethical committee decision no. 3164. Groups of 35 hamsters ranging at 10-12 weeks of age were used. They were housed in good health conditions and at the temperature of the laboratory, where they were given Barley, millet, bran, wheat, maize, and lettuce, as well as water continuously [15] . DMBA was mainly used as a carcinogen in hamster skin [16] . The study area was marked by a permanent ink pen to follow up on the changes in the area identified during the experiment and specimens. The solutions were applied topically on the back of skin area to be studied, 0.5 W radiation of 980 nm Diode laser is applied once a week from the time the carcinogen to the end of the experiment. The animals were checked at weekly intervals, and monitored until spontaneous death, or were sacrificed during the experiment. The glass slides were cleaned using pure cellulose soft tissue paper wetted with one drop of isopropyl alcohol to remove the impurities placed on the surface, and then immersing these slides in isopropyl alcohol for a minute and wiping them and drying them with hot air. The living tissue was accurately put onto the glass slides as shown in (Figure 3) , and then the diffuse reflectance spectrum was taken in the wavelength range of (400-1000 nm). The sources of uncertainties were maintaining stable, like (light, temperature, and humidity), and uncertainty was well below ±1%. The spectrum was measured in a dark room with ambient laboratory conditions. Also, the calibration procedures were used to normalize variability in the spectral response. The samples were fixed in formalin until the time of diffuse reflectance spectrum measurement.
Results
Hamsters, in which the 9,10-dimethyl-l, 2-benzanthracene in mineral oil was applied, during the first few weeks following applying carcinogen within 12 th week, slight desquamation and minor spots with the light gray color in the area of application and weak hair growth in all the hamster skin observed. Within the 16 th week from the beginning of the experiment, numerous minute black spots appeared scattered throughout the treated area. Around the 20 th week of the experiment increased pigment lesions with an irregular shape, aggressive and weakness hair growth were observed as shown in Figure 4 . The average latency, calculated for all melatonin tumors varied from 12 th to 24 th weeks see ( Table 1) . The hamsters were sacrificed week 16 th .
By recording the diffuse reflectance spectrum in the wavelength range (400-100 nm) for the samples, a decrease in the diffuse reflectance spectrum during the cancer formation stages from week 12 to the end of the experiment in week 36 was observed (Figure 5) .
The groups of hamsters on which the solution of DMBA was applied were exposed to 980 nm Diode laser of 0.5 W for 100 s. They showed redness on the surface of the skin after irradiation because of heating of the skin surface, Hyperthermia disappeared two days later and there was no change in the surface of the skin as shown in (Figure 6 ). When the diffuse reflectance spectrum was recorded during the experiment, a decrease in the spectrum was observed starting from week 28, indicating a delay in the carcinogen see (Figure 7 ). A group of hamsters was isolated after the appearance of melanoma in the 20 th week. The application of carcinogens stopped and the hamsters were exposed to Diode 980 nm laser 0.5 W once a week for 8 weeks, resulting in reducing the size and color of dark spots as shown (Figure 8 ). Diffuse reflectance spectrum showed an increase until the end of the experiment, indicating an improvement in skin tissue and the laser effect on the melanoma cured ( Figure 9 ). Table 1 shows the results of the application of carcinogen on hamster skin from week 12 to 36. By studying the diffuse reflectance spectrum mentioned in this paper, we note that the best area where changes are clearly shown is in the near infra-red region where changes are obvious. So Table 2 shows a comparison of the diffuse reflectance spectral ratios at three wavelengths of the hamster samples which applied the carcinogen only and the samples that were exposed to the laser during the application of the carcinogen, the changes are very obvious from healthy to cancer tissue at the end of experiment as shown in Table 2 , which is demonstrates these differences between 7 periods covering the tissue transformation from week 12 to week 36. Table 3 shows an increase in diffuse reflectance spectral ratios indicating an improvement in skin tissue and the melanoma cured.
Discussion
A Diffuse Reflectance Spectrum recorded from biological tissue is composed of two components: absorption and scattering. As for scattering alone, the scattering is inversely proportional to wavelength, and according to Rayleigh and Mie scattering, as found by G. Einstein et al. [17] , the extracted scattering component from Diffuse Reflectance Spectroscopy recorded from excised oral tissue, showed that the decay of scattering has a smooth curve with no specific features. This trend of scattering over the wavelength range applies to epithelium tissue as well as skin tissue in both humans and animals. Likewise, the results in our work (DRS spectra) are consistent with the above findings. That is, for the sample used in the presented manuscript, there is no contribution of absorption to the recorded reflection due to lack of hemoglobin and the remaining contribution is only to scattering effect. However, the presented work focused on different stages of tissue transformation not only the extreme cases (healthy and cancer). This can be explained by the subtle differences between the corresponding spectra. Yet, these subtle differences are good enough to differentiate between these stages. The effects of 980 nm Diode laser while applying the carcinogenic chemicals DMBA on the skin of the hamster and their diffuse reflectance spectrum have been studied. The hamsters which were not irradiated by laser consistently gave rise to melatonin tumors and there was a decrease in the diffuse reflectance spectrum during the cancer formation stages until the end of the experiment in week 36 was observed. The hamsters on which the solution of DMBA was applied and exposed to diode 980 nm laser irradiation power of 0.5 W did not show any change in the skin, and a marked decrease in diffuse reflectance spectrum was observed starting from week 28, indicating a delay in the carcinogenesis. For the hamster which we stopped applying a carcinogen, and exposed to the Diode 980 nm laser power 0.5 W, the diffuse reflectance showed a noticeable increase until the end of the experiment, indicating an improvement in skin tissue and the laser effect on the melanoma cured. It was noted that all the changes in the studied tissue were evident in the infrared range, so we recommend recording the diffuse reflectance spectrum in this region.
For comparison and summary, the results, Figure 10 and Table 4 show the changes in diffuse reflectance spectrums in the specimens studied clearly at week 36 at the end of the experiment, and their diffuse reflectance spectral ratios at (750, 800, 850) nm in the infrared region. 
Conclusion
The aim of this paper is to demonstrate a diagnostic tool that can be used to determine the optical spectrum of early changes of pre-cancer and cancer using Diffuse Reflectance Spectroscopy. Optical techniques are currently being used to identify changes that occur in biological tissues associated with disease progression. It is simple in concept, requires relatively straightforward and low-cost instrumentation and has the potential to give an immediate diagnosis without the need to remove tissue from the patient or for the result to be interpreted by an expert pathologist. The diffuse reflectance spectrum of samples showed that the 980 nm diode laser had a significant role in delaying the onset of cancer, and reducing the size of cancer legions and improving the appearance of skin.
Future work can be carried out to validate these optical techniques and to apply them in clinical settings.
